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The prevalence of disturbed sleep has approximately doubled in Sweden between 1993 and 2003 according to cross-sectional surveys 1, 2 . The reason for this increase is not known but increased levels of stress in society is one of the possible candidates. Stress causes increased physiological and psychological activation as a response to increased environmental demands 3, 4 and this activation is assumed to interfere with sleep.
However, there is relatively little empirical support for the latter assumption. Still, stress is considered the primary cause of persistent psychophysiological (or primary) insomnia insomnia" represents the effects of acute stress whereas "primary insomnia" represents the long-term consequences of mainly adjustment insomnia.
The notion of the stress-sleep connection is mainly based on clinical impressions and cross-sectional epidemiological studies have shown a strong link between stress and sleep [7] [8] [9] [10] . Most, but not all, are focused on work stress, in particular. Of these, Kalimo et al 11 used the Helsinki heart study and found that high work strain, defined as high demands and low influence at work according to the "demand/control" index 12 were associated with a 30% prevalence of disturbed sleep vs 5% in the low strain group (low demands + high influence at work). Åkerstedt et al. 13 used the same demand/control index but looked at the two dimensions separately. It was found that only the demand index had a significant relation to disturbed sleep and that the strongest item of the demand index was "having to exert a lot of effort at work" -not simply "having too much to do", for example. It was also found that when the item "not being able to stop thinking about work in the evening" was added to the regression this variable took over part of the role of work demands as a predictor. This suggested that "immersion" or work overcommitment may be an important factor.
The item "not being able to stop thinking about work" used in the study by Åkerstedt et al. 13 is part of the work over-commitment (WOC) index, a part of the effort/reward index developed by Siegrist et al. 14 . The work over-commitment index includes five items such as "not being able to stop thinking about work" and "start thinking of work immediately when I wake up". In a cross sectional study Fahlén et al. 15 found a fourfold increase of risk of reporting disturbed sleep for high levels of over-commitment. These observations suggest that it may not be the perception of work demands per se that are important, but rather the preoccupation with worries about them. Work over-commitment is normally seen as a trait 14 , but it seems obvious that some of the items reflecting "work preoccupation" may to also be interpreted a state that may vary depending on work load
(not being able to stop thinking about work in the evening, for example. Such a state might reflect the response to, for example, increased demands.
The first prospective study of work stress and sleep seems to be the one by Ribet et al 9 who studied more than 21,000 subjects in France, using a sleep disturbance index. Shift work, a long working week, exposure to vibrations, and "having to hurry" appeared to be the main risk factors, controlling for age and gender. Another prospective self-report study showed a relation between "negative psychosocial work conditions" and insomnia,
with an Odds Ratio across five years of 2.15 16 . Jansson et al. 17 controlled for initial insomnia in a similar design, and found that high work demands at the outset predicted impaired sleep one year later. Virtanen et al 18 found in a prospective study of overtime work that a considerable part of the overtime effect was due to high work demands.
De Lange et al 19 recently showed that a change from low to high strain (high influence / low work demands to low influence / high work demands) across two measurements resulted in increased sleep problems and fatigue, as did high strain at both points in time.
While relatively small (<100 individuals in most categories), the results from the De Lange et al study seem robust. However, the study only controlled for age and gender and it is conceivable that also socio-economic status, physical work load and other factors may be associated with a change in work demands. Furthermore, adjustment for such factors should probably be based on a change between the two points in time, not merely the status at T1. A change in marriage status may be another confounder; unmarried individuals show more sleep complaints 13 . One might also wonder whether the strain model (the combination of high/low demands and high/low control at work) may be ideal, since the latter does not seem to have a relation to impaired sleep 13 . Possibly, an interesting approach would be to use the two dimensions as separate predictors. In the latter study it was also concluded that "work commitment" (not being able to stop thinking about work in the evening, and similar items) had a considerably stronger link to impaired sleep than work demands 13 .
The purpose of the present study was to investigate the effect of work demands, work control, and as well as work preoccupation (WP), on subsequent new-onset sleep disturbances. For this purpose the so-called WOLF-Norrland cohort was used. It spans the period 1996-2003, which coincides with the steep increase in sleep disturbances observed in cross-sectional survey studies 1, 2 . The approach was to first predict new cases of disturbed sleep from exposure at T1, while controlling for confounders at T1 and T2.
However, since high stress/control at T1 is likely to include participants who maintain a 7 high stress level at T2, as well as participants that have reduced their stress level by T2, the approach was to also study these two groups, as well as the two groups with low stress at T1, that is, those that remain on a low stress level at T2, but also the group that has changed to high stress by T2. This separation of change from static levels should provide more detailed information about the effects of stress/control on sleep, even if the change aspect is vulnerable to problems of reverse causation.
Methods

Design and participants
The present study uses the WOLF-Norrland database. This is a dynamic cohort study aiming at assessing the effects of work organization and psychosocial variables on health.
All Occupational Health Service units (OHS) in two provinces in northern Sweden Time to follow-up was on average 60 months (five years) with a range of 11 months. The study was approved by the ethical committee of Umeå University.
The original population at T1 constituted 5092 individuals, of which 4715 responded (93%) (Figure 1 ). The follow-up response rate at T2 was 71% (of the population at T1), leaving 3637 participants in the database. An analysis of the drop-outs showed that a significantly higher proportion of men (1,173; 23%) than women (252; 15%) were lost to follow-up (χ 2 = 56.11, df = 1, p < .001). Among the women who dropped out a larger proportion reported disturbed sleep at T1 (55; 36%) than among women who remained in the study (131; 26%; χ 2 = 5.32, df = 1; p < .05). The purpose of the longitudinal study was to study a working population, thus everyone included at T1 were working and without any disabling diseases. For the purpose of the present study, those who reported that they
were not working at T2 due to e.g. sick leave, retirement, parental leave or studies were excluded. Thus, the database used for the purposes of this study included 3077 persons, which constituted 60% of those approached at T1 or 65% of the responders at T1.
Questionnaire
Demands at work was estimated by the demand-control model postulated by Karasek and Theorell (1990) . A factor analysis confirmed the demand index and the questions were summed and divided into quartiles. Based on the lower quartile cut-off at T1, the cut-off was set between 11 and 12 (the scale ranged between 5 and 20), and those in the lower quartile were defined as perceiving high demands at work and contrasted with the rest.
Low scores mean that the respondents affirmed the questions about demand. Cronbach's alphas were 0.71 at T1 and 0.69 at T2. sleep quality (disturbed sleep), fatigue, and impaired awakening 21 . The dimension assessing sleep quality in the KSQ was used as the outcome variable in the present study.
Control at work
The items included are: difficulties falling asleep, restless sleep, repeated awakenings, premature awakening and the response ranges from "never" to "most days of the week"
(with values from 1-5 assigned). A factor analysis with varimax rotation confirmed this dimension and internal consistency was high, with Cronbach's alphas of 0.78 at T1 and 0.82 at T2. Each question in the disturbed sleep index was dichotomized so that the response alternatives "a few times per week" and "every night" were identified as disturbed sleep and coded with the number 1. Thereafter, the four questions included in the sleep quality index were summed and those scoring one to four (i.e. had any of the symptoms included in the sleep quality index a "few times per week" or "every night")
were identified as having disturbed sleep. The criterion was set to be similar to the research criteria for insomnia 22 . According to these criteria 598 persons (19%) were identified as having impaired sleep at T1. The corresponding figure for T2 was 878
For the analysis of change, the variables were combined over time, which created four categories. The new variables were labeled "development over time" and included the combinations of positive responses at both T1 and T2 (good-good/high-high), negative response at T1 and positive response at T2 (decrease/improvement), positive response at T1 and negative response at T2 (increase/impairment), and negative responses at both T1 and T2 (poor-poor/low-low; see Table 2 ). The outcome variable, new cases of disturbed sleep, was identified analogously with identifying impairment in the predictor variables.
Confounding variables
Several potential confounding factors were considered in the analyses. These are presented in Table 1 . Among them were gender and age. The difference in age was calculated by subtracting age at T2 from age at T1.
Education was assessed by the question "Which one of the following schools/educations have you attended?" The response "alternative university education" was contrasted with all other alternatives.
Socioeconomic group -SEG (blue collar vs. white collar) was classified using the Nordic Occupational Classification Index 23 . This is a register of systematically categorized domains, families and individual occupations by codes and with descriptions. The base is the international occupational classification, ISCO. NYK is hierarchical and builds upon work oriented characteristics without regard to education or position.
Shift work was measured with the question "Do you work shifts?" with the response alternatives "no", contrasted with "yes" (including any of the alternatives: 2-shift, continuous 3-shift, irregular work schedule without night shift, irregular work schedule with night shifts, permanent night work, other type of shift work).
Heavy physical work was assessed with the question "How much effort does your work require?" The response scale, ranged from none (1) to extreme (14) . Heavy work was defined by dichotomizing the scale between scale steps 7 and 8 at both T1 and T2.
Physical activity was assessed by the question "How much do you exercise?". The response alternative "regularly" was contrasted against, "never", "very little", and "now and then" both at T1 and T2.
For marital status the response alternatives were "married/cohabiting", "single", "divorced", and "widow/widower". The first alternative was contrasted with the other response alternatives. "Having had a child within 12 months prior to T1" was also included among the confounders, with "yes" contrasted with "no".
Variables measuring development across the five years of follow-up were created in all cases where data from both T1 and T2 were obtainable. Thus, development variables were created for control at work, shift work, work status, heavy work, physical activity, marital status, and education by combining the dichotomized variables presented above.
These variables were created to identify changes (improvement (i.e. loss of cases) and impairment (i.e. new cases) and status quo (constant poor or good) in the responses.
These variables are presented in Table 2 .
Statistical methods
The data was analyzed using a multiple logistic regression analysis. New cases of impaired sleep were used as the outcome variable and demands at work, control at work, and work preoccupation at T1 were entered as predictor variables, as was impaired sleep at T1. Confounding variables at T2 were also entered into the analysis. For the first analysis low demands at T1 was entered as reference category. Work preoccupation and control were handled in the same way, using "low" and "high", respectively, as references.
In the analysis of change, the change (and no change) in demands at work, control at work, and work preoccupation were entered as predictor variables. At the same time, change in the confounding variables was entered. For the analysis of change the category "consistent low" was used as reference. In addition, a separate analysis was carried out for "decreased" work demands, using the "consistent high" work demand category as reference, since a true effect of decrease in demands would approach an odds ratio of 1 when "consistent low" is used as reference. Work preoccupation and control were handled in the same way, using "consistent low" and "consistent high", respectively, as references.
Four models were created for each combination of exposure and outcome variable. The first model contains the unadjusted association between predictor and outcome variables.
In the second model, the potential confounding variables were included. These included sex and age, plus development in control, shift work, heavy work, socio-economic group, marital status, physical activity, and education, as well as having had a child within 12 months prior to T1, and age. These two models were considered to be the major ones.
Two more models were used. Model 3 contained model 2 plus work demands and work preoccupation. Model 4 added work control to model 3.
Results
Prevalence and changes
Over the five years of follow-up, the sample distribution shifted somewhat with regards to the included background variables (Table 1) . Table 1 about here   Table 2 shows the percentage of individuals that changed category across time and that remained in the same category across time. Thus, 16% showed impaired sleep and 7.1 % improved sleep, while work preoccupation showed a change of 13.3% from low to high and of 7.2% in the other direction, 14% changed from low to high work demands and 12% in the other direction, 14% changed from low to high control and 10%, in the other direction, 4% changed work status from blue to white collar and 16% changed in the other direction. Other changes were rather similar in terms of direction of change.
Development in work demands and work preoccupation showed a correlation of r=0.41 (p<0.01). Development in work demands and work control showed a correlation of r=-0.16 (p<0.001). The corresponding figure for development in work preoccupation and development in control was r=-23 (p<0.001). Table 2 about here
Predicting new cases of impaired sleep
The results of the first logistic regression (Table 3) , predicting new cases at T2 from exposure at T1, shows that work demands at T1 predicted new cases of disturbed sleep at T2 without adjustment for confounders and that adjustment for confounders caused only minor changes. The last model, with also the other predictors included, showed a stronger reduction of the OR, but still significant. Work preoccupation showed the same pattern but clearer effects. Control at work showed a significant effect without adjustment, but lost this effect in the other models.
The results from the analysis of changes (and consistent conditions) in exposure show that consistent high demands at work was associated with increased sleep problems in all four models. In the third model, in which work preoccupation was added, the odds ratio fell somewhat, while work preoccupation showed a high odds ratio.
Increased demands was also associated with a significantly increased Odds Ratio for all models, but again with a reduction for model 3, and a decrease to non-significance in model 4, in which work control was entered into the model.
A decrease in work demands had a non-significant relation to new cases of poor sleep in all four models, except for model 2.
Changes in work preoccupation showed highly significant odds ratios for all predictors across all models. New cases of impaired sleep increased with increased or consistently high work preoccupation, and showed a decrease of new cases with decreasing work preoccupation. The development in work control did not show any association with new cases of impaired sleep. 
Discussion
The increase in prevalence (and new cases) of impaired sleep across time agrees with observations in prior cross-sectional survey studies 1, 2 . One major finding in the present study, that may help explain that increase in incidence, was that high work demands at T1
was related to new cases of disturbed sleep, while controlling for a number of confounders as well as for the other predictors.
The result above is supported by the additional finding that increased work demands were linked to the occurrence of new cases of disturbed sleep. High work demands have previously been related to more sleep complaints 9, 16, 17 , but the present study also linked the changes in predictors and dependent variables, while controlling for changes in control at work. Moreover, the results are in line with a number of cross-sectional studies 7, 8, 10, 11, 13 . Model 4 only showed a trend, but the major models were 1 and 2 (unadjusted and adjusted for change in demographic and background variables) while models 3 and 4
were exploratory. The latter involved adjustment also for control at work. Since the analyses were controlled for several confounders we interpret the overall results as indicating that high and increased demands at work predict future occurrence of disturbed sleep.
The other major finding was that increased work preoccupation at T1, with control for confounders and disturbed sleep at T1, predicted new cases of impaired sleep. The effect was larger than that for increased work demands. As with work demands, the increase in work preoccupation was related to an increase in new cases of disturbed sleep across time. The results are in line with cross-sectional studies of work demands and sleep 10, 24 .
The strong effect of work preoccupation in the present study adds a dimension to the results of the effects of increased work demands. It suggests that a strong emotional response to demands -a preoccupation with thoughts of work -has a stronger relation to sleep than merely changes in demands. It is, however, noteworthy that both predictors remained significant when they were entered together (in model 3), even if the odds ratios were somewhat reduced. This indicates that the two still are partly independent predictors of changes in sleep complaints.
The effect of work preoccupation in the present and other studies 10, 13, 15 is in line with the role of rumination in disturbed sleep. Cropley et al 25 coupled the relation between strain and poor sleep in teachers to rumination, which is seen as a major cause of disturbed sleep 26 . Hall et al. 27 have demonstrated in a cross-sectional study that intrusive thoughts at bedtime are related to increased alpha and beta power in the subsequent sleep EEG. Jansson et al 28 found a causal role of "worries" for sleep disturbances in a oneyear longitudinal study. Similarly, increased cognitive arousal at bedtime is related to increased sleep latency 29, 30 .
States similar to that of rumination, such as worrying and tension, have also been found to cause negative changes in sleep architecture. Thus, worrying and tension before sleep, due to the need to awaken early for work, showed reduced amounts of sleep stages 3+4
(Slow Wave Sleep -SWS) 31, 32 . The same result was seen in ship's machine officers during a night on call, without actually being called 33 . In another longitudinal study, an evening with increased levels of stress/worries at bedtime was characterized by more sleep fragmentation and a longer delay to the start of SWS 34 .
The results in the present study also showed that individuals with consistently high demands or work preoccupation have an increased risk of new cases of sleep impairment across time. Again, the effect was stronger for work preoccupation. The results suggest that long-term exposure to work stress results in an increased level of sleep disturbances, which is one of the basic assumptions of the diagnosis of psychophysiological insomnia 6 .
It was also observed that the reduction of work demands was not significantly related to a decrease in the risk of new cases of impaired sleep in the main analysis. However, the reduction in work preoccupation was significantly associated with a reduced occurrence of new cases of disturbed sleep. The results at least suggest that reduced work preoccupation and a reduction in new cases of impaired sleep covary.
The change in control at work did not show any relation to new cases of impaired sleep.
This is similar to what was found in a previous cross sectional study 24 and suggests a lack of relation between work control and sleep.
It should be pointed out that the analysis of simultaneous change in predictors and outcome variables opens for problems with reverse causation. Increases in disturbed sleep could possibly affect perceptions of work demands and work over-commitment.
However, the first analysis, predicting new cases of disturbed sleep at T2 from high demands at T1, argues for the two predictors being associated with incidence of disturbed In conclusion, the present study indicates that work demands and, in particular, preoccupation, is associated with changes in the occurrence of impaired sleep. 
